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WATER  QUALITY 
IN  THE  TEXAS  COASTAL  BASINS 

By  M.  H.  Frere  and  0.  D.  Workman1 

ABSTRACT 

Ten  years  of  water-quality  records  were  examined  to  evaluate  the 
usability  of  water  in  the  Texas  coastal  basins,  particularly  for  agriculture, 
and  to  determine  if  agriculture  was  affecting  water  quality.  Average  values 
of  7  water-quality  parameters  in  2  periods  (1964-69  and  1969-74)  were 
calculated  for  23  rivers  and  basins.  The  quality  of  water  for  agricultural 
use  decreased  from  the  northeast  to  the  southwest.  The  low  quality  of 
water  in  some  basins  requires  special  management  for  use.  Nitrate  con- 
centrations were  examined  in  relation  to  streamflow,  seasons,  land  use, 
and  years.  The  evidence  did  not  indicate  that  agricultural  activities  were 
seriously  degrading  the  stream  water.  KEYWORDS:  gulf  coast  water 
basins,  irrigation,  nitrates,  Texas  water  basins,  water  analysis,  water 
basins,  water  flow. 


INTRODUCTION 

An  evaluation  of  the  water  quality  in  the 
Texas  coastal  basins  was  conducted  as  part  of  a 
cooperative  river-basin  survey  under  the  direc- 
tion of  the  Soil  Conservation  Service  of  the 
U.S.  Department  of  Agriculture.  The  two  ob- 
jectives of  the  study  were:  (1)  to  evaluate 
the  water  for  use,  particularly  for  agriculture, 
and  (2)  to  evaluate  the  impact  of  agriculture 
on  water  quality.  Records  of  chemical  analyses 
from  the  stations  in  the  study  area  were  ob- 
tained from  the  reports  of  the  U.S.  Geological 
Survey  (6). 2  Comparison  of  average  values 
with  water-quality  standards  was  used  to 
achieve  the  first  objective.  The  data  were  di- 
vided into  two  periods,  1964-69  and  1969-74, 
to  determine  changes  with  time.  The  changes 
in  nitrate  (N03)  concentrations  with  stream- 
flow,  years,  season,  and  amount  of  cropland 
were  used  to  evaluate  the  impact  of  agriculture. 


1  Soil  scientist  and  physical  science  technician,  Agri- 
cultural Research  Service,  U.S.  Department  of  Agricul- 
ture, Chickasha,  Okla.  73018. 

2  Italic  numbers  in  parentheses  refer  to  items  in  "Lit- 
erature Cited"  at  the  end  of  this  publication. 


The  study  area  (fig.  1)  is  a  strip  along  the 
Texas  gulf  coast  about  70  mi  wide  and  400  mi 
long,  including  the  Houston  metropolitan  area. 
The  average  annual  rainfall  varies  from  54  in 
on  the  northeast  side  to  22  in  on  the  southwest 
side.  A  humid  region  can  be  expected  to  have 
an  abundance  of  good  quality  water;  a  semiarid 
region  can  be  expected  to  suffer  from  a  lack 
of  water  and  have  poorer  quality  water. 

QUALITY  OF  WATER  FOR  USE 

The  study  area  was  divided  into  17  river 
and  coastal  basins  (fig.  2).  Data  from  all  sta- 
tions on  small  streams  in  each  basin  were 
composited,  and  an  average  was  computed  for 
stations  on  each  of  the  10  major  rivers  (fig. 
2).  Data  were  lacking  for  three  river  basins — 
the  Brazos,  the  Colorado,  and  the  Guadalupe — 
and  the  Nueces-Rio  Grande  coastal  basin. 

Whenever  possible,  flow-weighted  or  time- 
averaged  means  of  water-quality  parameters 
were  computed,  but  often  only  arithmetic  aver- 
ages could  be  calculated.  The  individual  values 
of  the  parameters  varied  greatly  with  time 
and  location,  so  that  standard  deviations  were 
often  as  large  as  the  means.  The  statistical 
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distribution  of  the  parameters  was  often 
skewed  because  the  mean  was  close  to  the  lower 
bound  of  zero.  These  limitations  restricted  the 
use  of  the  averages  to  first  approximations. 

The  average  values  of  7  water-quality  para- 
meters for  2  periods  are  given  in  table  1  for  the 
23  rivers  and  basins.  Also  included  are  the 
numbers  of  stations  and  samples  used  to  calcu- 
late the  averages.  The  number  of  samples 
analyzed  for  biological  oxygen  demand  (BOD) 
and  phosphate  (P04)  was  usually  less  than  for 
the  other  parameters,  and  sometimes  no 
measurements  were  available. 


Figure  1. — Texas  coastal  basins  study  area. 


Figure  2. — The  17  Texas  coastal  basins. 


The  electrical  conductivity  (EC),  or  specific 
conductance,  and  the  sodium  adsorption  ratio 
(SAR)  are  the  two  parameters  most  commonly 
used  to  classify  waters  for  irrigation  (7).  As 
the  salinity  increases,  the  value  of  the  SAR 
permitted  for  a  low  sodium  (Na)  hazard  is 
reduced.  Only  one  basin,  the  San  Antonio- 
Nueces  coastal  basin,  had  any  significant  Na 
hazard.  However,  the  high  Na  values  in  this 
basin  were  caused  by  the  Mission  River,  which 
was  apparently  contaminated  by  oilfield  brine. 
The  high  EC,  chloride  (CI),  and  total  dissolved 
solids  (TDS)  all  indicated  this  problem.  De- 
creases in  these  values  probably  reflected 
efforts  to  control  this  contamination. 

The  salinity  hazard  (7)  of  the  water  for 
irrigation  is  given  in  the  column  headed  "class." 
Class  1  water  is  low  in  salinity  and  has  no 
limitations  for  irrigation.  Medium-salinity 
water  (C2)  could  be  used  if  a  moderate  amount 
of  leaching  occurs  and  plants  with  moderate 
salt  tolerance  are  grown.  The  use  of  high- 
salinity  water  (C3)  requires  special  manage- 
ment with  adequate  drainage  and  salt-tolerant 
crops.  Water  very  high  in  salinity  (C4) 
is  unsuitable  for  irrigation  under  ordinary 
conditions. 

As  expected,  the  irrigation  quality  of  water 
decreased  from  the  humid  region  to  the  semi- 
arid  region.  Class  2  water  from  the  Trinity  is 
used  to  irrigate  rice,  and  the  waters  of  the 
Colorado'  Guadalupe,  and  Nueces  are  of  similiar 
quality.  The  C3  waters  of  the  coastal  basins 
indicated  that  salinity  problems  will  probably 
be  encountered  if  this  water  is  used  for  irri- 
gation. In  addition,  the  salinity  may  reflect 
the  saline  nature  of  some  soils,  which  will  have 
salinity  problems  even  if  better  quality  water 
is  used. 

The  1972  Water  Quality  Criteria  (1)  recom- 
mends a  limit  of  250  mg/1  (or  parts  per 
million)  CI,  and  the  1962  Drinking  Water 
Standards  of  the  Public  Health  Service  (3) 
recommends  a  limit  of  500  mg/1  TDS  for  public 
water  supplies.  The  CI  recommended  was  ex- 
ceeded in  the  contaminated  San  Antonio-Nueces 
coastal  basin  and  recently  in  the  Lavaca-Guada- 
lupe coastal  basin.  The  TDS  recommended  limit 
was  frequently  exceeded  in  the  water  south  of 
the  Lavaca-Guadalupe  coastal  basin. 

Both  N03  and  P04  are  nutrient  forms  im- 
portant to  water  quality.  A  level  of  45  mg/1 
NOt  in  the  water  is  set  as  a  public  health 


standard  and  is  never  approached  by  the  aver- 
ages in  table  1.  A  more  common  problem, 
caused  by  high  concentrations  of  nutrients,  is 
accelerated  eutrophication  or  excessive  growth 
of  aquatic  vegetation  (2).  This  problem  occurs 
more  often  in  water  impoundments  than  in 
flowing  streams.  There  is  no  agreement  on 
critical  concentrations  of  N03  and  P04  for 
excessive  growth.  Nitrate  concentrations 
greater  than  1  mg/1  are  usually  considered  suf- 
ficient for  eutrophication.  A  soluble  P04  con- 
centration of  0.03  mg/1  is  a  commonly  used 
limit.  As  a  result  of  the  analytical  procedure 
used,  the  P04  concentrations  reported  represent 
more  than  the  soluble  form.  They  include  some 
P04  from  organic  and  mineral  colloids  in  the 
water.  The  fraction  of  this  P04  available  for 
growth  is  not  known,  but  it  seems  that  most 
of  the  concentrations  were  sufficiently  high  so 
that  P04  would  not  be  a  limiting  nutrient. 

Pesticides  in  water  can  also  limit  its  use. 
Herbicides  and  insecticides  have  been  detected 
occasionally  in  most  of  the  streams  in  the  study 
area,  but  concentrations  are  seldom  high  enough 
to  pose  a  hazard,  except  in  the  Houston  metro- 
politan area.  In  a  recent  U.S.  Geological  Survey 
study  (4),  most  of  the  samples  with  pesticide 
concentrations  greater  than  recommended  en- 
vironmental levels  were  from  streams  in  urban 
areas.  Many  pesticides  are  adsorbed  on  sedi- 
ment, and  the  sediment  samples  analyzed  con- 
sistently showed  the  presence  of  some  pesticides 
(5).  The  kinds  and  amounts  of  these  pesticides 
are  not  usually  a  hazard  in  the  water  used  by 
agriculture.  They  are  normally  removed  with 
the  sediment  in  the  treatment  of  water  for 
industrial  or  municipal  use. 

In  summary,  the  quality  of  the  water  de- 
creased from  the  northeast  side  of  the  study 
area  to  the  southwest  side,  both  for  domestic 
use  and  agricultural  use.  The  waters  sampled 
in  the  San  Antonio-Nueces  coastal  basin  were 
severely  contaminated,  possibly  by  oilfield 
brine.  Although  the  low  water  quality  in  some 
of  the  basins  was  not  sufficient  to  eliminate 
its  use,  it  was  low  enough  to  require  special 
management. 

IMPACT  OF  AGRICULTURE 

Farmers  can  degrade  the  quality  of  water 
in  streams  by  allowing  runoff  of  sediment  and 
agricultural  chemicals,  especially  various  pests 
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cides  and  the  plant  nutrients  nitrogen  (N)  and 
phosphorus  (P).  Pesticide  concentrations  were 
low,  requiring  sophisticated  analytical  proce- 
dures for  measurement.  Not  many  samples 
were  analyzed  for  pesticides  until  1969,  and 
the  information  available  is  therefore  limited. 
Some  persistent  pesticides  of  low  toxicity  were 
found  in  the  sediments  from  all  the  streams, 
but  the  concentrations  in  the  water  from  non- 
urban  watersheds  were  high  enough  to  be 
detected  only  occasionally. 

Phosphate,  the  most  common  P  form,  is  dis- 
tributed between  the  sediment  and  solution 
phases.  Usually,  a  thousand  times  more  P04 
is  present  on  sediment  than  in  an  equal  weight 
of  water,  and  only  a  small  percentage  of  the 
PO,  on  the  sediment  is  readily  available  to 
plants  like  algae.  Presently,  no  way  exists  to 
determine  what  fraction  is  available,  and  so 
total  PO,  is  usually  measured. 

Only  one  station,  at  Romayor  on  the  Trinity 
River,  had  a  sufficient  number  of  P04  analyses 
for  evaluation.  The  Trinity  receives  sewage 
from  Dallas  and  Fort  Worth  and  many  other 
municipalities,  so  that  the  phosphate  content 
could  not  be  used  to  evaluate  the  impact  of 
agriculture. 

Nitrate  is  the  N  form  commonly  measured 
in  water  analyses.  Nitrate  is  not  adsorbed  on 
sediment,  and  its  concentrations  in  water  are 
high  enough  to  be  measured  by  relatively  simple 
chemical  methods.  Stations  on  10  streams  had 
sufficient  records  to  permit  evaluation  (table 
2). 

A  plot  of  the  NOi  concentration  versus  the 


riverflow  rate  gives  a  broad  envelope  of  points 
for  all  stations.  The  1970-74  data  for  the  San 
Jacinto  River  are  shown  in  figure  3.  The  range 
of  flows  for  each  river  was  divided  into  four 
classes  containing  equal,  numbers  of  observa- 
tions, and  the  median  (50  percentile)  concen- 
trations in  each  class  was  determined.  A  plot 
of  this  median  concentration  versus  the  stream- 
flow-class  midpoint  gives  a  greatly  simplified 
picture  for  evaluation. 

To  detect  any  changes  of  water  quality  with 
time,  the  data  for  each  stream  were  aggregated 
into  three  periods.  Based  on  standard  water 
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Figure  3. — Nitrate  concentrations  in  samples  taken  at 
different  streamflows,  San  Jacinto  River,  1970-74. 
The  solid  line  connects  the  median  concentration 
at  the  midpoint  of  each  flow  class. 


Table  2. — Water-quality  stations  used  in 
nitrate  evaluation 

U.S.  Geological 


Survey  station 
number 

Location 

River 

08041000 

Evadale 

Neches 

08066200 

Livingston 

Long  King1 

08066500 

Romayor 

Trinity 

08068000 

Conroe 

San  Jacinto 

08114000 

Richmond 

Brazos 

08162000 

Wharton 

Colorado 

08164500 

Ganado 

Navidad 

08176500 

Victoria 

Guadalupe 

08188500 

Goliad 

San  Antonio 

08189500 

Refugio 

Mission2 

1  Located  in  the  Trinity  River  basin. 

-  Located  in  the  San  Antonio-Nueces  coastal  basin. 
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Figure  4. — Median  nitrate  concentration  in  the  San 
Antonio  River  with  increasing  streamflow,  for 
three  periods. 
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Figure  5. — Median  nitrate  concentration  in  the  Navi- 
dad  River  with  increasing  streamflow,  for  three 
periods. 
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Figure  8. — Median  nitrate  concentration  in  the  Guada- 
lupe River  with  increasing  streamflow,  for  three 
periods. 
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Figure  6. — Median  nitrate  concentration  in  the  Brazos 
River  with  increasing  streamflow,  for  three  periods. 


100 


IPOO  10,000  100, 

MIDPOINT  OF  FLOW  CLASS,  FT3/S 


000 


Figure  7. — Median  nitrate  concentration  in  the  Colo- 
rado River  with  increasing  streamflow,  for  three 
periods. 
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Figure  9. — Median  nitrate  concentration  in  the  Trinity 
River  with  increasing  streamflow,  for  three  periods. 
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Figure  10. — Median  nitrate  concentration  at  differem 
streamflows  for  four  rivers. 
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years  of  October  to  September,  these  periods 
were:    1963-67,  1967-70,  and  1970-74. 

Various  relations  are  found  among  the  10 
streams.  Data  for  the  San  Antonio  River  (fig. 
4)  are  a  good  example  of  dilution.  For  a  con- 
stant source,  like  the  municipal  effluent  from 
San  Antonio,  increasing  streamflow  reduces 
the  concentration.  The  separate  lines  illustrate 
a  trend  of  increasing  N03  concentration  with 
time,  probably  associated  with  increasing  popu- 
lation. The  range  of  median  concentrations  was 
10  to  20  mg/1  at  the  high  end  and  5  to  7  mg/1 
at  the  low  end. 

Data  for  the  Navidad  River  (fig.  5)  showed 
a  different  behavior.  The  concentration  did 
not  decrease  with  flow,  but  remained  relatively 
constant  or  increased.  This  behavior  suggests 
nonpoint  sources,  like  agricultural  land.  In  fact, 
there  are  no  large  centers  of  population  above 
the  measuring  station.  Concentrations  also  in- 
creased with  time,  but  to  a  lesser  degree. 

The  data  for  the  Brazos,  Colorado,  and 
Guadalupe  Rivers  (figs.  6-8)  indicated  a  trend 
for  increasing  concentrations  with  time,  rang- 
ing from  1  to  4  mg/1,  but  no  discernible  trends 
with  flow.  The  data  for  the  Trinity  River  (fig. 
9)  showed  a  possible  trend  of  decreasing  con- 
centration with  time,  with  the  most  recent 
concentrations  ranging  from  1  to  3  mg/1.  The 
low  NO:,  concentrations  might  indicate  im- 
proved sewage  treatment  or  increased  use  by 
organisms  in  the  river  or  both. 

Data  presented  for  four  rivers  (fig.  10) 
showed  no  trends  with  flow  or  time.  The  Long 
King,  San  Jacinto,  and  Neches  are  in  the  humid 
northeast  part  of  the  study  area  and  drain 
predominantly  wooded  watersheds.  The  median 
concentrations  were  generally  below  1.5  mg/1, 
a  level  that  should  not  accelerate  eutrophication. 
The  Mission  River  is  a  relatively  small  river 
in  the  San  Antonio-Nueces  coastal  basin.  High 
salt  data  (table  1)  indicated  that  this  river 
may  have  oilfield  pollution  problems,  which 
would  obscure  other  relations. 

We  could  find  no  evidence  to  indicate  a  sea- 
sonal change  in  N03  concentrations.  Streamflow 
is  seasonal  and  could  obscure  any  seasonal 
changes  in  NO;,  concentrations.  Three  streams, 
the  San  Jacinto,  the  Neches,  and  Long  King 
Creek,  had  N03  concentrations  that  varied  rela- 
tively independently  of  streamflow  (fig.  10). 
The  median  concentration  at  2-month  intervals 
is  plotted  for  each  of  these  streams  in  figure  11. 
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Figure  11. — Seasonal  effect  on  the  median  nitrate 
concentration  in  three  rivers. 

The  periodic  changes  in  concentration  were 
small,  with  no  consistent  trend  among  the 
three.  These  streams  are  in  the  humid  region 
and  had  little  cropland  in  the  watershed.  We 
could  find  no  evidence  to  indicate  that  the  N03 
concentration  in  runoff  was  related  to  the 
amount  of  cropland.  When  the  mean  concentra- 
tions at  74  stations  on  streams  originating  in 
the  study  area  were  plotted  versus  the  esti- 
mated percentage  of  cropland  in  the  watershed 
above  the  station,  the  data  were  broadly  scat- 
tered, with  no  trend.  The  range  of  mean  N03 
concentrations  for  watersheds  with  little  crop- 
land was  0.3  to  14.9  mg/1  N03  and  the  range 
for  watersheds  with  nearly  all  cropland  was 
0.6  to  16.5  mg/1.  The  corresponding  medians  of 
1.2  and  1.7  would  not  seem  to  be  significantly 
different. 

In  summary,  the  evidence  did  not  indicate 
that  agricultural  activities  were  seriously  de- 
grading the  stream  waters.  The  pesticide-con- 
centration data  were  extremely  limited  but 
indicated  that  some  pesticides  were  found  in 
the  sediments  from  all  streams.  However,  the 
concentrations  in  the  water  were  high  enough 
to  be  detected  only  occasionally.  There  seemed 
to  be  sufficient  nutrients  in  most  streams  for 
eutrophication.  The  San  Antonio  River,  which 
drains  the  city  of  San  Antonio,  had  a  much 
higher  N03  level  than  any  other  river  examined. 
Nitrate  concentrations  increased  over  the  years 
in  half  the  streams. 
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